The degree of binding was determined between deoxyribonucleic acid (DNA) preparations from nocardias and uracil-labeled DNA from four reference strains of Nocardia asteroides . The N , asteroides strains fell into three DNA homology groups, one of which contained the type strain ofNocardia farcinica ATCC 3318. The relevance of the genetic data to the structure of the N . asteroides taxon is discussed. The nucleotide composition of the DNA preparations from the N. asteroides strains fell between 64 and 68 mol% guanine plus cytosine.
The degree of binding was determined between deoxyribonucleic acid (DNA) preparations from nocardias and uracil-labeled DNA from four reference strains of Nocardia asteroides . The N , asteroides strains fell into three DNA homology groups, one of which contained the type strain ofNocardia farcinica ATCC 3318. The relevance of the genetic data to the structure of the N . asteroides taxon is discussed. The nucleotide composition of the DNA preparations from the N. asteroides strains fell between 64 and 68 mol% guanine plus cytosine.
There is an accumulating amount of data which shows that bacteria classified as Nocardia asteroides form a heterogeneous taxon. Much of the data comes from numerical phenetic studies (5, 9, 14, 28; V. A. Orchard, M. Goodfellow, and S. T. Williams, Soil Biol. Biochem., in press) but additional evidence is provided by serological (17, 18, 21, 231, deoxyribonucleic acid (DNA) reassociation (3,4, 19), biochemical, and physiological tests (1, 8) and by phage typing (22). On the basis of biochemical, morphological, serological, and antibiotic sensitivity properties, Schaal and his colleagues (25-27) classified N. asteroides into three subgroups, provisionally designated A, B, and C; the first two subgroups were divided further.
In view of the uncertain structure of the N. asteroides taxon we have extended our DNA reassociation assays on these microorganisms. This report describes the determination of the degree of binding between DNA preparations from N. asteroides strains and uracil-labeled DNA from N . asteroides reference strains representing Schaal's subgroups A, B, and C.
MATERIALS AND METHODS
Test strains and growth conditions. Details of strains and their sources are given in Table 1 . The strains were maintained routinely on a medium with the following composition (vol/vol): peptone (Difco), 1%; casein hydrolysate, 0.2%; yeast extract (Difco), 0.2%; glucose, 2%; sodium chloride, 0.6%; agar (Difco), 2%; pH 7.5. The biochemical, morphological, and serological properties of the test strains were known from earlier studies (25, 26) .
For DNA extraction the organisms were grown in submerged culture, by using the medium described above (minus agar), at 37°C in either 10-liter fermentation tanks or in 750-ml flasks shaken at 180 rpm. Cells were harvested after 40 to 48 h of shaking or after 30 h of incubation in the fermentation tanks, checked for purity, harvested by centrifugation, washed in saline ethylenediaminetetraacetate (0.15 M NaC1, 0.1 M EDTA [pH 8.01) and stored at -20°C.
Extraction of DNA. Harvested organisms (20 mg [wet weight]) were suspended in 1 ml of buffer LO.01 M tris(hydroxymethy1)aminomethane-hydrochloride (pH 9.01, 0.01 M NaCl, 0.001 M sodium citrate, and 0.1 M EDTA] and treated for 90 to 120 s in a Brown disintegrator. The DNA was isolated using a phenol method (20) adopted from Saito and Miura (24) . The purity of DNA preparations was assessed on the basis of the following: extinction at E260,280 and E230,250, reaction for protein with Folin reagent, the orcinol test for ribonucleic acid, and the anthrone and diffusion tests with concanavalin A for polysaccharides (11) . The purified DNA was stored at 5°C in 0 . 1~ SSC (SSC: 0.15 M NaCl, 0.015 M trisodium citrate) containing a few drops of chloroform.
Preparation of radioactive DNA for homology studies. [2-14C] uracil (Nuclear Research Institute, Swierk, Poland), specific activity 9.6 to 12.3 Cilmol, was added to the inoculated medium to give a final concentration of 1 pCi/ml. Labeled organisms were centrifuged and the DNA was extracted and purified as before. Labeled reference DNA was prepared from four strains of N . asteroides, N1, N3, N20 (ATCC 3308), and N53 (Table 1) . Sheared labeled DNA was prepared by sonic oscillation in an ice bath at a frequency of 24 kHz (six periods of 15 s with 30-s intervals).
Analysis of base compositions. The mole percent guanine plus cytosine was determined by the method of Huang and Rosenberg (12) .
Fixation of denatured, high-molecular-weight DNA on membrane filters and DNA:DNA pairing. The relationships between the test strains were established by determining the extent to which singlestranded DNA, immobilized on nitrocellulose filters (75 pg per filter), bound labeled reference DNA which was in solution. The methods used have been described (20) bound DNA and the reference DNA preparations was determined from the T,n(p) values. The mid-point of the thermal elution (T,,cr,) is the temperature at which half of the reassociation reference DNA becomes dissociated and eluted from the test DNA bound to the filter. AT,,,p, was found by subtracting T,n,r) of hybrids of the heterologous system from T,,,, of homologous hybrids.
The thermal stability of hybrids, and AT,,(,, values, were determined only when reassociation above 50% was observed.
RESULTS
Reciprocal reassociations among the DNAs of four N . asteroides strains indicated a high degree of homology only between the N1 and N20 (25,26) strains of subgroup B (see Table 2 ). The other reference strains, N3 and N53, representing subgroups A and C, respectively, showed a low degree of homology with one another and with strains N1 and N20. A low degree of homology was also found between DNA and preparations from the Nocardia cauiae and Nocardia rubra strains and the DNA of the four reference systems ( Table 3 ). In the homologous systems 25 to 40% pairing was found and taken as 100% relative binding.
DNA preparations from six of the test strains (N5, N9, N13, N52, N58, and N66) bound 58 to 100% of the reference DNA from N . asteroides strains N1 and N20 but showed a low degree of reassociation with that from the other reference systems ( Table 3) . Six of the eight strains formed a closely related DNA homology group, with strains N13 and N58 included only at the periphery. All but one of the subgroup B (25, 26) strains were recovered in this homology group. The moles percent guanine plus cytwine (mol% G+C) of the strains was within the range 64 to 68.
The DNA from N . asteroides strains N14, N2, and N51 exhibited a high nucleotide homology to reference DNA from strain N3; however, with the last strain, the large AT,,,(,, value indicated that there were a number of nonspecific a The reassociation was performed on nitrocellulose membranes in 2 x SSC solution plus 30% (vol/vol) dimethyl sulfoxide for 18 h at 65°C. The ratio of labeled to unlabeled DNA was 1:15. The background (imp. per minute per membrane) did not exceed 1 to 2% of the value in the homologous system. The extent of binding between DNA from test strains and labeled DNA from reference strains is expressed as a percentage relative to the extent of binding between labeled and unlabeled DNA from the reference strain itself. AT,,,,, a measure of the thermal stability of the DNA:DNA duplexes, was obtained by subtracting Tmc,,, the mid-point of thermal elution, of the molecular hybrids of the heterologous system from the T,,,, of the homologous hybrids.
* Labeled DNA source. Specific activities of the DNA samples from reference strains were (counts per minute per microgram): N1, 3768; N20, 7087; N3, 4219; N53, 920.
S.E., Standard error.
associations. The four strains had a base composition value of 65 to 68 mol% G+C and three of them were from subgroup A (25, 26) . The final reference strain, N53, representing subgroup C (25, 26) , shared a high genetic similarity with DNA from N . asteroides N4, a moderate degree of homology with that from N . asteroides N50, but little similarity with DNA from the remaining cultures. The two remaining N . asteroides strains, N60 and N67, had relatively low G+C values ( Table 1 ) and did not fall into any of the homology groups. It can be seen from Fig. 1 that the boundaries between the three homology groups are clearcut.
DISCUSSION
The heterogeneity of the N . asteroides taxon is most clearly seen in numerical phenetic studies where two or more phena were recognized (9, 14, 28; Orchard et al., in press) and in the investigations of Schaal and his colleagues (22, (25) (26) (27) , who tested 136 compounds as a sole source of carbon or nitrogen and on the basis of nutritional requirements were able to divide 67 N. asteroides strains into three (A, B, and C) subgroups. The first two subgroups were further divided into biochemical types designated as A,, and B1+ However, as few strains are common to all of these studies, it is very difficult to compare whether or not, and to what extent, phena overlap. At present it is also difficult to compare phenetic and DNA homology data because of factors such as sampling and experimental errors, test error, and differences in growth rate and metabolic activity. With respect to the N . asteroides taxon, Schaal (26) did not consider the main problem to be absence of suitable diagnostic characters but the lack of precisely adapted methods for testing these characters. The three subgroups recognized by Schaal (25, 26) were based upon nutritional, biochemical, and serological criteria. The integrity of the larger subgroups A and B was supported by phage typing studies (22) , but since subgroup C contained only two strains its taxonomic status was not clear.
The results reported here, together with Table 3 ).
those from earlier studies, show that N . 
6).
The second group is composed of subgroup A strains, but other organisms classified in this taxon were recovered in the other homology groups. It appears, therefore, that the second homology group overlaps in part subgroup A and that the latter may be heterogeneous. Since subgroups A and B have different antibiotic sensitivity patterns (271, they may be important clinically. Subgroup C was not recovered in the genetic analysis and does not seem to warrant further consideration.
Although our studies have to some extent helped to clarify the structure of N . asteroides, further taxonomic investigations are required. Subsequent homology studies should be based upon strains representing well-defined taxa, and the phenetic analyses should include details on test error. Given these precautions it will be possible to make the comparisons between homology and phenetic data more objective.
